Na22Cl Skin Clearance in Humans and its Relation to Skin Age*  by DeSalva, S.J. & Thompson, G.
Biological ageing is a sequential process sub-
serving all living substances. In man, there are
numerous morphological and functional changes
which can be directly associated with ageing
(1 and 2). Among the more apparent are those
involving the integument. These effects when
they occur represent advance stages and are
not easily detected in the young adult. The
more subtle alterations are difficult to deter-
mine (3).
To date, there are no reports in the litera-
ture of an objective in vivo method for ascer-
taining the age of skin. It therefore seemed
useful to attempt to develop such a technic. An
obvious approach should involve the water
mobility property of skin. Exploratory studies
performed with rats and humans indicated that
circumference of a bleb of normal saline in-
jected intradermally diminished with time and
that this rate was altered by the age of the
subject. Unfortunately, the measuring proce-
dure was neither accurate nor sensitive enough.
The addition of sodium fiuoreseein made the
bleb more obvious but its outline was still so
irregular that the measurements were in-
adequate. Realizing the value of a tag it was
decided to use NaCl. The results of this ap-
plication have been very interesting, and there-
fore are being reported at this time. This study
relates our observations of the skin clearance
rates as a function of age and, to a lesser degree,
of the site of injection.
METHODOLOGY
1. Radioisoto pie Measurement
A volume of 0.05 ml of Na22 as normal saline,
with a radioactivity of 0.4 jzc was intracutaneously
injected using a disposable syringe. The injection
was made as superficially as possible by employing
a 26 gauge ¾ inch needle. Successful injections
were determined by the presence of a discrete
bleb at the injection site. Measurement of radio-
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activity was performed by applying directly to the
surface of the injected site a Baird Atomic Gamma
Ray probe, model lS12B and interposing a plas-
tic sheet between the probe window and the in-jected site to prevent contamination of the probe
window during subsequent measurements. The
probe was connected to a Baird Atomic Rate
meter, model 432A operated at 1100 V. The
radioactivity was visualized as cpm on an Atomic
Accessories Recorder, manufactured by the Texas
Instrument Company. The half time clearance
rates were extrapolated from a semilog curve of
the percentage of remaining radioactivity at the
injected site for different time intervals after in-
jection (Fig. 1).
2. Subjects
The age range of the 35 subjects was 21—90
years. They were grouped in seven age groups in
decades containing 3 to 7 members each. The
three younger groups were comprised of healthy
men whereas the 4 older groups were composed of
ambulatory men and women with some physio-
logical disfunction.
3. Experimental Design
The clearance rates of the skin of the malar
surface of the face were determined in all sub-
jects. All such measurements were therefore eval-
uated on the basis of the age of the test subjects.
In addition to these measurements, it was possible
to obtain in certain instances concurrent deter-
mination of the clearance rates for either the skin
of the volar surface of the forearm or the skin of
the dorsum of the hand. Occasionally measure-
ments were made from all three sites in one indi-
vidual.
RE 5TJLT5
Using a semilog paper, percentage of re-
maining radioactivity was plotted against time
after injection of Na22. These were then ex-
pressed in terms of 50% clearance time. Figure
2 is a histogram summarizing face, hand and
forearm data in relation to age differences.
Table 1 is a comparative presentation of the
ratios of 50% clearance time for the different
skin sites.
Face
The 50% rate was slowest for the youngest,
and fastest for the 61—70 age group. Interest-
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other age groups. There also appeared to be
significant differences between the other older
age groups but because of limitations imposed
by the smallness of the sampling, it was not
possible to obtain a complete analysis.
Forearm
It was observed that the 50% clearance time
was generally slower in the younger subjects
than it was in the older subjects. The progres-
sion rate was not uniformly paralleled to the
age differences. The first deviation was noted
in the 31—40 age groups. This group value was
slower than that obtained for the 21—30 age
group. The deviation was the result of the
TABLE I
Comparative ratios of the Na22 clearance half time
rate for the facial (F), hand (H) and
forearm (A) skin,
Ratios
Test Groups (yr.)
H/F A/F A/H
21—30 0.58 1.1 1.78
31—40 1.1 3.0* 2.72*
41—50 N.M. 1.7 N.M.
51—60 1.28 N.M. N.M.
61—70 1.9 1.9 1.0
71—80 2.16 1.92 0.89
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FIG. 1. Half time Na2 clearance rate determined
from a semilog curve of the percentage of remaining
radioactivity (insert) as a function of time after in-
jection.
ingly, the rates for the two oldest groups ap-
peared significantly slower than that of the 61—
70 age groups. Statistical "t" test of the clear-
ance rates revealed that there was a significant
difference (p. 01) between the youngest and the
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* Large value due to slow clearance rate of one
subject. N.M—not measured.
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Fic.2. Histogram of half time Na22 clearance rate from face, hand and forearm as a function
of age of individuals.
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extremely slow clearance rate of one subject in
the 31—40 age group. Once again, it was found
that one subject had a 50% clearance rate,
much slower than that of the other members of
this age group. Not withstanding these two
exceptions, it was still found by regression
analysis, using the method of least squares,
that there is a real functional relationship be-
tween the decrease in the 50% clearance rate
of the forearm skin and the age of the sub-
jects. This data can be best represented by the
linear model Y = 13.49 — 0.093X where V =
50% sodium clearance time and X = age of
subjects in years.
To check the precision of this procedure as
defined by Grant (4), i.e. "numerical measure-
ment of precision is the standard deviation of
the frequency distribution that could be ob-
tained from such repeated measurement", re-
peated clearance time determinations from the
volar surface of the forearm were performed for
four subjects in the 31—40 year group. The
overall reproducibility of the technic was found
to be 12%. Moreover an analysis of variance of
these repeated determinations showed no differ-
ences among the values at the 95% confidence
level.
Hand
For the most part, the 50% clearance rate
did not differ among the various age groups
except for the 7 1—80 groups which appeared
slower than the others. These findings are
only of limited value because the sampling was
incomplete. For example no measurements were
obtained for 4 1—50 and 8 1—90 age groups.
nIscussIoN
It is apparent that the presence of Na22, as
the chloride salt, when injected intradermally,
can be detected and its clearance rate from the
injection site can be recorded with appropriate
instrumentation from a detection focus external
to the integument. In the present studies, such
measurements have established that the rate of
Na'2 clearance from the injection site is greater
in older individuals. This type of response was
most readily exemplified by the measurements
obtained from facial and antebrachial clearance
rates. It would appear that what has been ob-
served is dependent upon the agcing attributes
of the area in which the injection was made.
The general character of the relationship of
NC skin clearance rate and the age of the
subjects appears remarkably similar to other
relationships e.g., acid extractable skin collagen
levels, (5), total body potassium concentra-
tions (6) and the cholesterol content of the
skin (7) which arc also age dependent. More-
over, it has been noted that patterns of NC
skin clearance rate—ageing ratios appear
equally related to the decrease in skin elasticity
(8), the reduction of nitrogenous dermal con-
stituents and the ground substance of connec-
tive tissue (10) and the general diminution of
connective tissue in the aged as had been re-
ported in both human and animal studies.
Therefore, it may be conjectured that the rate
of Na22 clearance from the skin following an
intradermal injection is, in a general way,
associated with the occurrence of the phe-
nomenon of ageing and its alterations taking
place in the skin and its ancillary structures.
In the present study there was some indica-
tion from gross visualization of the activity
curves that a three compartment system is
involved but in a manner which is in a reverse
sequence to that described by Dobson and
Warner for Na22 (11). It is not appropriate for
this presentation to take a very firm position
on this relationship since no analysis by the
backward projection method (12) was done.
Since it is known that vascular tonicity in the
elderly is diminished (13) this should act as a
detriment or a delaying factor in the skin
clearance of Na22. Surprisingly, the contrary
was actually observed. Therefore, the degenera-
tion changes occurring in the dermis (8, 13,
14) must play a major role in the diffusion of
Na22.
It was noted in this study that the Na22 skin
clearance rates of individuals in their seventh
decade were somewhat slower than that ob-
served in individuals in their fifth and sixth
decades. A review of the literature brought to
light the fact that in individuals in their seventh
decade water is more readily held within the
skin and this retention is greater than that
found in their fifth and sixth decades (14). The
relative differences irrespective of the age
factor in Na22 skin clearance seen among the
three test sites would appear to be due to the
composition and thickness of tho various regions
However, it is peculiar that the skin clearance
rates in the dorsum of the hands failed to
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exhibit any major change as a function of the
individual's age.
The choice of Na22 was based upon the desire
to use an ion endogenous to the subject and
capable of emitting, for external monitoring,
enough radioactivity at a level which is safe
for use in human. Furthermore, since it is
known that the stratum corneum is relatively
impermeable to electrolytes (15 and 16) it was
deemed advisable to administer the isotope
intradermally.
5UMMARY
It has been demonstrated that Na22 injected
intradermally as saline can be detected by an
external prebe. The rate at which Na22 leaves
the injected site appears to vary with the age
of the test subject. In young male subjects
(21—30 years) the rate of clearance is slower
than it is in older people (5 1—90 years). The
differences appear to be inversely proportional
to the chronological age of the subjects. How-
ever, there are several exceptions to this gen-
erality. It was also noted that there were differ-
ences in clearance rates among three test sites
used. The dorsum of the hand was the only site
from which the skin clearance rateE did not
appreciably vary with the age of the subject.
On the basis of the experimental data and
the information available in the literature, it
is concluded that in general, the Na skin
clearance rate is a reliable index of the vitality
of the dermis and connective tissue and as such
may be employed as an index of dennal ageing
changes.
REFERENCES
1. Pillsbury, D. M., Shelley, W. B. and Kligman,
A. M.: Dermatology. Philadelphia, W. B.
Saunders Co. 1956.
2. Sethi, P., Ramey, E. R. and Houck, J. C.:
Connective tissue. IV. Effect of age upondermal chemical response to adrenal hor-
mones. Proc. Soc. Exp. Biol. Med., 108: 74,
1961.
3. Kligman, A. and Montagna, W.: Personal
Communication.
4. Grant, E.: Statistical Quality Control, 3rd Ed.
McGraw-Hill Co., p. 315, 1964.5. Bakerman, S.: Quantitative extraction of acid-
soluble human skin collagen with age. Na-
ture (London), 196: 375, 1962.6. Anderson, E. C. and Langham, W. H.: Aver-
age potassium concentration of the human
body as a function of age. Science, 130: 713,
1959.
7. Worne, H. E.: The lipid assay of the skin. J.
Soc. Cos. Chem., IX: 181, 1958.
S. Kirk, J. E. and Chieffi: Variation with age in
elasticity of skin and subcutaneous tissue
human individuals. J. Germtology, 17: 373,
1962.
9. Smith, J. G., Davidson, E., Mitchell, S. andClark, R. D.: Alterations in human dermal
connective tissue with age and chronic sun
damage. J. Invest. Derm., 39: 347, 1962.
10. Houck, J. C., Dc Angelo, L. and Jacob, R. A.:
Connective tissue. III. Dermal chemical re-
sponse to age. Proc. Soc. Exp. Biol. Med.,
107: 280, 1961.
11. Dobson, E. L. and Warner, G. F.: Measure-
ment of regional sodium turnover rates and
their application to the estimation of re-
gional blood flow. Amer. J. Physiol., 189:
269, 1957.
12. Liew, Van, H. D.: Semilogarithmic plots of
data which reflect a continuism of exponen-
tial processes. Science, 138: 682, 1962.
13. Mohler, S. R.: General biology of senescence.
Postgrad. Med., 30: 527, 1961.
14. Rattner, H. and Norms, A.: Care of the aged
skin. Postgrad. Med., 32: 82, 1962.
15. Rein, H.: Experimentelle Studien hber Elek-
troendosmose an flberlebender menschlichen
Haut. Z. Biol., 81: 125, 1924.16. Johnston, H. and Lee, J. J.: A radioactive
method of testing absorption from ointment
base. J. Amer. Pharm. Ass., Sci. Ed., 32: 27S,
1943.
